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HEADQJI.'B.TERS MEETING July 10-11, 1962 


V/A 


THE PROBLEMS OF THE ENERGY DISSIPATION 
SYSTEMS III SPACECRAFT RECOVERY 

By Lloyd J. Fishei 


Several aspects of earth Ending requirements for manned 
space vehicles ere being Jnvest i gated by Langley Research Center. 
The character of research undertake! consists of experimental 
and analytical studies of the fundamental energy dissipation 
capabilities of materials and methods and of the landing 
characteristics of space vehicles having v©~ious landr.ig systems. 
The requirements generally placed on the er,erg>* dissipation 
system are that the lending accelerations ard landing iiotion* 
resulting from corn et wiv.T the landing surface, be kept 
within tole~abic limi both for occrpan 4 .: cf the veh'cle 
and for the vehicle structure. Fo*" man in space flight tee 
non-emergtr.cy limit has hc-n placed somewhere near 20g*s 

>rc.v. deration and 250q's/sec. ovse£ rate o' acceleration. 
The spacecraft has been permitted to sustain some sma!< drsnage. 
Mercury vehicles were rot intended for reuse lvc some of the 
o*!ier vehicles uuch as hemfr.:, wiii be reused. In any case, 
both from the standpoint of safety fc the rstror.*»ut ard for 
m3 ? nta ininn *ne integrity of the spacecraft, violet hchovior 
or. landing should be avoided- 

We ar^- currently invesMgft T ng landing inpact energy 
dissipation systems for the ApnUo earth ijnJing jxdjle 
simulating a parachute type landing. We i,o«*!rg the 
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completion of a brief model investigation of the landing 
iOads and stability characteristics of a Saturn booster 
recovered on a h~rd surface runway — simulating ? paraglider 
type landing. Investigation wHl be started soon on the 
ditch'ng H.ai icteristics of the Gemini vehicle, which will 
also sinulate a parabi iuer'T«iuii>y. ^ limited program is 

underway on the use of certain meter ials as energy dissipators. 

\ 

Our current emphasis in the material (/Ingram Iz or ials 

for the frangible metal tube dissipator. and we ar^ planning 
some work on foamed metals as energy dtssipators. Since the 
fragmenting tube process is probably not familiar tc everyone, 
the firs t slide Illustrates the ersential components of this 
system* An example of a frangible-tube installation could be 
a hard aluminum-al loy tube such as this attached to a vehicle, 
and a die uch as this attached to a landing skid cr loot. The 
t ..je press is over the due during impact and fails !n fragments as 
shtwn here. 7hi> Is o system fur working metal to ‘ts 
ultimate strength and through a large percent cf its length. 

rhe next slide 2 shows the energy dissipation capabilities 
of severe! roaterials that have been used or considered for use 
ir. landing systems. Some of che less efficient hue readily 
adaptable dusspators, such as the fabric air bap ant aluminum 
honeycomb, ;«h i c.» abso^v about ^OuO and 60C0 ft-lbs of energy 
per pound of materia!, have received considerable attention 
—to date. This is to be exDected because of the ease c: 
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application end availability of these materials. Honeycomb 
Has been one of the most often suggested energy dissipators 
taking many forms, shapes, ana sizes and has been proposed 
in one application or another for most spacecraft, its : 
main disadvantages are iulk and the fact that it can take 
relatively little side lead. T he air bag has also been 
proposed in many 'ons as a solution for spacecraft landing 
problems. The fabric air bag lends itself extremely well 
lu borage, as on a capsule type spacecraft where volume is 
at a premium, and it is bs’nq used on Mercury. Susceptibi I : ty 
to puncture and to side-?o^d failure are its major disadvar. cages 
The strain crap, which absorbs aboi*t the same energy per 
pound of mate r ;al as docs aluminum honeycomb, has else found 
ready application; one case in point being the sc;ut-type 
leadring ’j;ar of Dyna-Soar.. The pressurised r.ieta' cyUnue* 
and balsa woocf have fairly hi ’h efficiencies, absorbing about 
140QC and 24000 ft-lb per pound of material. These systems 
are bulky to store, although no more so than honeycomb. Sals;;, 
however, nos. an vndes‘rablc rebound characteristic. The 
frangible metal tube hvs h'gh sciercy ab -orbing *hout 
3i,000 ft-lb yer pound of 2C?^-T3 aluninum al ioy bu* loads 
must be applied along ;I«e axrs of the tub-., ; nd the cube must 
be keot snug against its working die. As ine; tfeved earMcr 
work i=^ continuing et Langley on the fragmenting tiL*e process. 
Alignment is a problem with ell o* the systems ana wnen 
r opruciab^e velocity components are involve", either horizontal 
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nr vertical or both, some positive means of positioning 
the energy dissipation e 1 emen 4_ i./ required. 

Th^ following slide snows a sketch of a practical 
insta^ 1st *on of a strain strap in combination with landing 
skids. The strain strap is a *eplaceable element which 
fails by plastic yield* :g and the skid moves aft and up 
while alignment is Maintained by t^e it-ut. Such a gear ^ 
when used on Dyr*a-So'r would be retract »d and stored through 
doors in the lower Suffice of the w*rg which serves as the 
heat shield, rtoweve', on the Gemini corf ?ov t at ion a somewhat 
similar gear has been kept separate fro 5 the heet shield. 

SI ic l e 4 : pU ase. The Ge'i; n» vehicle hat been rotated over 
on ts side for landing and i/ne mi-ski*; larding gear is 
oositioned accordingly. Her*, the heat shield is undisturbed 
by tht landing gear. Currently, hyd osic shocks are being 
corskared dor Gemini although at least one "McDonnell’* mar. 
say.. they v 11 'e heavier than strai r~st ~ap dissipamrs*. 

The strut arrangements shown ar v . very suitable for system;, 
having positively contrt’led forvard landing directions. £rergy 
due to vertical velocity is dissfP’U&d pi -cipzilv b> the 
strain scrap or hydraulic 2 ock abioibor i *d most of that due 
to horizontal velocity is icsipatcd oy friction durirg the 
lrncfng runout* -airly «*ood runways, or at \ ast se.l.*cted site-, 
a»*e reqjiied ( 'or stalility in such Tendingr. 

Me thorns of integrating the -nergy d»f iipatrVn system. V'i th 
configurations that ’ irrf on che heat shield \?\? shewn in the 
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nert slides . Toi :» sHoe illustrates a passive system that 
has received strong consideration io»’ ApoMo earth landing. 
Alumii.jm honeycomb or son*, such materia? **ou1d be used 
betwe* the heat shield,, which is expected to l, L*l-’-?n M dining 
impact, and the astronauts' pr ?ssjre compartment. There is 
a very short stroke available in this system resulting in 
accelerations of about 40 to 50g‘s on the capsule structure, 
so couch support systems r;ust further attenuate the lending 
impact loads. The passive s/stem is of interest primarily 
because no mall* unction in operation can occur prior to usage 
since no eyrten.irjn or deployment of parts is required. The 
foll o wing sjjdk : shows another aperoacn taken with Apollo 
toward integral tng the ’andincj gear with the components of 
the spacecraft, *!he h^at shield is extended in this case 
and shock absorbers are installed between the hect shield 
and the uppe r capsule, due set of absorbers shown t*ere in 
an approximately upr.gnt position is used tc dissipate vert- 
ical loads and another set of absorbers shown here at an 
appreciable angle us used t<* dissipate horizontal loads. 

Both of the Apollo vurs ; ons shown are expected to la J on 
the ground on the heat shield ^t a nose down attitude and 
skid and rock or the heat s* ield during runout. $ ? » de u 4t f . 

Irt general, there are several ways ol* dealing With 
vertical energy dissipation. Srme systems are more efficient 
than others* some package better than others, but a variety 
<> f promising systems are asaih'ble, Ho zontal energy dissipation 
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is, in a way, simpler to deai with than vertical energy 
dissipation since translational friction is all tbs’: <s 
involved; however, ru.KUt becomes a factor. The right or 
wrong combination of lending surface and landing speed is 
ctitical du-ing runout and vehicle configuration also enters 
the picnure. The results of inadequately dealing with these 
parameters a*e high accelerations, instability, and turn- 
over, Parachute Vt«down fystoms have mare trouble with 
hor'zontal >. .locity: than do nrost. of the other Systems because 
they aren't designed fo” hcrizont j 1 velocity. This i-s just 
as true of cargo drops as it is of spacecraft landings and 
it is easy to appreciate the p.obiiim. The parachute landings 
or manned vehicles, for example, have been planned at velocities 
of about 30 t p;.r second vertical with expectations of 
frcr. 0 to. abc-it bD or 60 feet per second horizontal. The 
horizontal velocity is due .c the wind end so is unpredictable 
making design difficult s'r.ce a. wide speed range must be 
accounted for by th s energy dissipation system. Also, direc- 
tion of landing with the parachute is unknown, consequen ly, 
it is desirable that toe energy dissipation system be omni- 
directional in behavior and this tco is hard to achieve. Let 
down systems thai have a mere or less fixed horizontal velocity 
suJi as the paraglider also have posit? /ely controlled forward 
landing directions and a/er. braking rochets, since they dc 
r.of drift as „*.s Sly with the wind (as co parachutes) have 
more exactly defined design load;, spends, directions etc. 
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The fol laving ironies show sonie conditions at which mock li* 
of various spacecraft tend to turn over c r have undesirable 
behav ior. 

The first movie shows r. model of the Mercury vehicle 
landing or we ter at simul?ced velocities of 30 feet per second 
vertical one 60 feet per second horizontal. This is e re peat 
run . The turn-over is prima r ily the result of uoo high a 
velocity. 

The not novie shows an Apollo type model landing at 
velocities simulating 30 ^eet per second vertical and 3^ 
feec per second hot Uontai. firct a larding on sand, the n 
a landing or a ha**d surface runway. The tun -over is caused 
by the "oil canning' 5 of the n.odel neat shield. 

t'ow a model having a four strut landing gear landing at 
relatively low speeds, 10 fee. per second vertical and 
feet per second horizontal. Here is a landing on a nard surface, 
then a landif g on a soft powdered material. Penetration and 
pile-up of the surface raster"! caused tip-up. _ 

The :nxt csguence of movies show tu-n* overs that are not 
caused oy :;or ? 7.onta] velocity or -anding surface, but ly 
vehicle '^hope and landing at.ituce. H ere i: > a skid-rockor 
landing of a vehicle v i th a c.g. heicht to base diameter 
r^tfo of 0.2 Now a "ehi'Je with a ratio of 0.2. The landinc 
attitude and sp^ed were the sarm. >n let h bases. Vehicle 
shape or proportions caused tum-ovcr. 
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The next movie sequence fhows ."’odei landings of a 
Saturn booster- si nviietirvj paraglider iet-dc.'\'.i on a smooth, 
nard-su -racc runwey. fin. and ng gear ; s a fc-ur st.ut .i 1-skid 
gear* Tha .arding speeds arte relatively low considering the 

r 

size of the vehicle, simulating 80 knots horizontal and 10 ?' 

f 

feet p' ; second vertical. Thu. fol lo wing movie shows a tri- 
cycle landing cea * cmpioyijjg a wheeled nos3 gear and skldr 

r 

o\ therein gear. There little to choose *rom in 
behavior between these gears although we did ftnd some wheel 
problems due to mode design that couid c«>use ground loops 

.V 

as shown her^ . Movie cfr . 

The next slide (?) ms maximum normal and T oncp tud^.al 
accelerations for the passive system Apollo cor.flgur' : ? or 
during landings on sar^ at b vertical ;»1oc?ly of 30 feet 
per second and horizontal ve’oc.tier of 0 to 50 T?et per 
second. Horizontal velocity had iittle effect on the maxi 
mir.i deceleration, either norma? it iongit jdinal as rhown by 
the scot ter of the velocity points. Undine attixuca had 
1 ;lle effect on normal accelerciti on di\* t> the degree. :<f 
penetration in cc the sand. The solic points indictee test 
model turn-over during Vipac;., 

The ;_do "3) jives computed iimUs staMiity foi a 

sk;>r acker landing near. Computed lirivs :‘or 3 friction 
coefficient of 0.4 and a c.g. heinht to base 'iiamcle, r>tlo 
of 0,24 *re sherr. TV., stable region is belov th« ^urve . 
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Turr -over would be expected at conditions above the curves* 
The equations of motion show that turn-over for a skid-rocker 
couf i gurat l on is independent of change »n horizontal velocity 
and this has been substantiated by model tests for a range 
of touchdown speed'. This pi let shows the effect of vertical 
vcioctc/. The range is well outside that of the model 
investigation which simulated paraglider landings at vertical 
velocities of about 10 feet per s econo and less* The skid-.- 
rocker landing method is iuost suited to horizontal type 
landing and these data she# this. For example, at 10 feet 
per second there is. a stable range of some 45° in ’anding 
altitude. In a vertical type landing at say 30 feet per 
second this stable r^nge -s reduced to only 12?. The curves 
approach asymptote ^lly the friction angle* (The friction 
angls is ibeut +> 7 .2 C for this configuration, and tre anqn- 
that the resultant of the f-iction force and the normal force 
makes with the normal axis of the vehicle. It is also the 
angle at which the vehicle would slide during landing without 
oscillation in trim.) Slide off . 

The^e several problem areas in the landing energy 
dissipation systems being used for spacecraft recovery. Tnere 
are also regions, or areas, for most systems presently b~ing 
considered that result In satisfactory landing inpact and 
runout. This is a natural situation because every vehicle 
whether it be helicopter, airplane, or spacecraft can be 
expected to be limited somewhat in landing attitude and speed. 























^CfitK ATI0NS 


LANDING ACCELERATIONS 


ifv. & A 
I &■ a9cw 


A^ O 


Y> 


b. * 

1 8 >>£*** 




□ 

°* 


j^ n 


4 ;~ 

^ o6 


LAN0lN6Anm?OE, D£» 


AGENDA 

MEETING ON SPACE VEK1 G LANDING AND RECOVERY 

r 

RESEARCH ALL TECHNOLOGY 

NASA Headquarters 
July 10-11, 1962 
9:00 A.M. EDT 

i 


I. ’July 10, 1962 - Opening Remarks - J. E. Greene- Headquarters 

, t 

II. Presentation^ of Program Summaries from the Centers 

Parachute Recovery Systems Design and Development Efforts 
Expended on MERCURY-REDSTONE Booster and SATURN S-l 
Stage --Barraza, R, M. - MSEC 

Application of Paragliders to S-l Booster Recovery for 
C-l and C-2 Class Vehicles - Me Nelr, L. L. - MSEC 

i 

Recovery of Orbital Stages - Fellenz, D. W, - MSEC 

A Review of Launch Vehicle Recovery Studies - Spears, L, T, 
MSEC 

A Review of the Space Vehicle Landing and Recovery , 

Research at Ames - Cook, W. L. - ARC^ 

Survey of ERC Recovery Research - Drake, H, M. - ERC 

Manned Paraglider Flight Tests - Horton, V, W. - ERC 

Gemini Landing and Recovery Systems - Rose, R. * MSC 

Apollo and Future Spacecraft Requirements and Landing 
Sys terns Cohcep ts - Kiker , J . W. - MSC 
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III. July II, 1962 - Continuation of Program Summaries 

JPL Requirements for Spacecraft Landing and Recovery - 
Pounder, T., Framan, E., and Brayshaw, J. - JPL 

Langley Research Efforts on Recovery Systems - 
Neihouse, A. I. - LRC 

Summary of Static Aerodynamic Characteristics of Parawings - 
Sleeman, W. C., Groom, D. R., and Naeseth, R. L. - LRC 

Dynamic Stability and Control Characteristics of Parawings - 
Johnson, J. L., and Hassell, Jr., J. L. - LRC 

Deployment Techniques of a Parawing Used as a Recovery 
Device for Manned Reentry Vehicles end Large Boosters - 
Burk, S. M. - LRC 

An Analytical Investigation of Landing Flare Maneuvers of 
a Parawing-Capsule Configuration - Anglin, E. L. - LRC 

Paraglider Loads, AeroelaBticity and Materials - Taylor, R.T. 
and Me Nulty, J. F. - LRC 

Rotary-Type Recovery Systems - Libbey, C. E. - LRC 

Parachute Performance at Supersonic Speeds - Charczenko, N.- 
LRC 

Aerodynamic Drag and Stability Characteristics of Solid 
and Inflatable Decelerator Devices at Supersonic Speeds - 
Me Shera, J. T. - LRC 

The Problems of the Energy Dissipation Systems in Space- • 
craft Recovery - Fisher, L. J. - LRC 






